Summary. There is a need to characterise spatial point patterns of ecological plant communities in which a very large number of points exist for many different plant species. We further investigate principal component analysis for spatial point patterns using functional data analysis tools on second-order summary statistics as introduced in [10, 11]. The approach is used to detect different types of point patterns in a multi-type pattern to classify the species by their spatial arrangement. The developed method is evaluated in a detailed feasibility study, giving rise to a number of recommendations including the choice of the appropriate summary statistic. In addition, we investigate the performance of the method under noisy conditions simulating a number of settings typically occurring in an ecological context. Overall, the method produces stable results, the best results being achieved when the pair-correlation function is used. In all settings the level of noise needs to be very high to invalidate the results.
Introduction
The study of patterns in ecosystem diversity and functioning is driven by the need to understand the processes that organise ecological communities. The link between ecosystem function, observed at the level of the community, and ecosystem diversity, manifest at the scale of the individual plant, has long been a subject of debate in ecology, and arises as a consequence of the spatial mixing of individuals over time. Understanding the mechanisms that promote and sustain biodiversity and allow a large number of species to coexist is therefore a key interest within community ecology [14, 16] . Species coexistence in turn is directly linked to local inter-and intraspecific competition structures in a community [6] , and spatial processes play a fundamental role within ecology and particularly in plant ecology, since plants are non-motile organisms. Each plant has a dependence on local growing conditions in its respective location [20] . Plants interact mainly with their immediate neighbours so an approach that models the exact location of a plant will support the elicitation of the underlying processes which have caused the observed pattern and thus yield an understanding of community dynamics and consequently the mechanisms involved in the functioning of ecosystems [8, 9] . Spatial point processes would appear to be an ideal tool to investigate the interaction structure between individual plants, since they are statistical models describing the exact locations of objects in space (see, e.g. [4, 5, 15] ). Model parameters reflect overall properties of the observed pattern that are of ecological interest, for instance strength and direction of interaction among individuals [13] .
However, the pattern of a typical plant community, may be very complex, due to the large number of individuals and species and the resulting extremely large number of potential inter-and intra-species interactions.
[11] and [10] introduce a methodology that may be used to reduce the dimensionality of a spatial point pattern dataset. Functional data analysis tools [17, 18] are applied to the second-order statistics of multi-type point processes, in particular to L-functions and pair-correlation functions, to derive a PCA method for spatial point pattern data. This paper assesses in detail the feasibility of the approach through a simulation study in order to make recommendations as to which second-order summary statistic is the most appropriate. The recommendations are derived from simulated spatial point patterns with different characteristics, including random, regular and clustered patterns.
An important consideration with respect to ecological data is that recorded data are susceptible to a certain amount of noise, unlike simulated patterns. This paper therefore also investigates the performance of the method under noisy conditions simulating a number of settings typically occurring in ecological data set construction. This is done in order to provide information to the applied researcher as to when the method fails and how detailed the data recording has to be for the method to classify patterns properly.
Section 2 briefly summarizes the approach introduced in [11] and [10] . In Sect. 3 we describe an extended simulation study used to assess the performance of the method under the assumption of homogeneity. Section 4 examines the performance of the methods with added noise typical of data collection in the context of ecological studies. Section 5 briefly describes the results from an application of the method to a data set.
Methods

Functional Data Analysis
For a detailed introduction to functional data analysis see [17] and [18] . In functional data analysis observations are functions and these are interpreted as
